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TENTA'LIVE tiUiDET jJNE.S FOR CONSTRUCTION Of 
CEMENT CONCRETE PAVEMENTS IN COLD WEATHER 

1, general 

I. 1, Although India is a trOpbgl country* many part| fn iinj 
Northern regroit are s 11 U j e c t Jo extremely low and sti bfruezi a g 
U mp tr attire s fn tin. wi n( e r scason, While ft is imperative ( Q carry 
out cojier.:te cons true) ion in such areas during the an miner period, 
it may not always be possible to observe such restrictions, and 
construction _ period may have to be extended to the maximum 
possible limits. In view qj the slow rate ufai tting and .strength 
tievetopm e □ t o T comorefe at 1 owei iit&fit raftirfis and sexceptibfLily 
o 1 concrete to frost damage at subfrtSedng tompcrtUirreN ft is 
'essential to observe special precautions in case of such cold 
weather concreting. 

J, 2. l ire methods recoinmended for .adoption lif case bf 

cold weather or winter concreting are given in these guide low a. 

I Ik: guidelines are intended to ensure tils': quality construction of 
concrete pavenivnis in cold weal her, limiting the- ad verse effects 
pud) weather on concrete payena'eftt eoit--.i; m/hon to thp 
nninnmrm. 1'hcse guidelines are intended to supplement JRC: 
1^1981 "Standard ^p^Mcatio^S and Code of Practice foi me 
Con struct ton of Concrete Roads (Second Rev isionV. anti should 
be used in conjunction therewith. 

U. rhe Ten tatiye. Guide fines pqr Constnietion of Cement 
Cone:etc .Tn vein mis in Crdd Weather were prepared by the 
<- ui neni C on er e t e f' oa o S tufa c i 11 g Co in mitt ce { pe.rso n n el uivtn 
below) and the lin.nl draft Guidelines were finairsed by the 
Com i n it tec in their mod mg* held ftt Bhubaneshwar on the ^4th 
D-. cembc! 1582 find at Nag pm on the fit'll January, |9$4. 

K. K, Nftmbiar Cotitzmr 

W ST PliuJI AJ'jTi'ift'fp 1 - ’iifrrsttir I .- 1 

H.S, fSlmtia T Ai Bf ]r , A 


kj:$ inkmM sp*d%I iy forejemeni iftn&fe# r a ^menisf 
J-pr cold Wipftthai BOw^cilig II ta nefah i at&rcttse may b? m da <q lb': -7^1 
(parr llj.-itttl "(..Hie bt lWietiCu for F^uvme VAmllir CuihIiIkW E'e! r> 1 1 
i' ■ c ■ -i i»:i: ■ ■ n ■: I i.;J Ui-loisco for Cofd VA-atligr Co acre :in S : 
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F - cj limy * r. 1 1 iii IL It grid * Cm l^: OS5 
(RLnriii K gshi }-Ex ijffiicfo 


Ln.i' tm, rite a boy." mentioned _ <lr aft guidelines wort 
processed and upr Inver by the Kpu l 1 ific :g 1 ron =-. & Standards 
Geraim'lttes £hd tbrij Executive Committee in their tijtetfep held at 
New Dell)! oti Use 21st August and 22vul August, l?S5 res^eltvdy 
fpi IvinQ considered by the Gtrijncib T In. 1 . Count il in their 114th 
meeting held at Paiftjf on the fub Sdpte mber, I'JSS approved 

Ll-msfi Guide! imri. for fceifrg published by fbe Indirto Roads Congress. 


2. SCOPE 

2,1. Although it mav be diflleutl to pinpoint the lowest 
r.£ m pern t ure be low' wli k h t h e eft. it, en f con c re tc pa ving works having 
large anr&cc area's exposed to.cold weather would be; adversely 
affected-, a tempera f.u re of 4"C may be considered the cnlt£a| 
one for adoption of special precautions, especially in view ctf 
expansion of water on cooling below this temperature and posst- 
bib ry o f eti n i eq v e nt d evclopme ri L of d i f r u pt ivc vo I u nr cb ange s m 
fresh concrete. 

2.2 r These Sidelines cover the special measures and 
preen v.rions required for Gfirrymf! out concrete paving works at 
Imbfent temperaturcs below 4 5*C S as Well ns special precautions 
Jmpcreative, in case of concrete pavem'eiUs subjected to sub-neez- 
inL r te m pe i aLnrcs a feer eo n gt r n ■'t ion tven wben constru cti o n is uot 
r eq u i re d to h e ca r r ie d o u I. in c ol d w r a there 

I 

i pRt>U1 RMS ASSOCIATKn W ITH €0 I D 
WE ATH E R CO NCR El IMG , 

3.1. pro hi emu as so ciat b d w it It col d we jSthet con c re te m ay 
broadly bb considered jn two groups: (a) those due to low 
temperatures above freezing point, and (b) those due to 
temperature below freezing point. 

3.2. As setting and hardening r>f cement, is, a liygrotburmal 
pEicnonmcnoti, at low t^ippratilTCs rlic setting and hardening 
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proved at a rats Ilian at the 

itmpciaiuics. . I he setting of cvncw. ie, a* ^.| * L , ^ ^treuRih 
diivcdopiiicnt will, ihe reto re, be mud fi slower yt low temper a tines 
rt^ces^tat^ng ^eceatijjn :6f formwoik for longer periods and 

coiSfrrlid f Wd l^ jN ^Jen* temperatures are 

considered tqp low to obtain sabs factory results by such extended 

Jneasores alone or sueli extension of curing period is not practicable 
di,c Jo any reatons, additional measures to risT 'he t^^^nre 
at which Concrete is laid and cured will be required, 

1.3, fresh concrete subjected to Hiibfre&zin* tern ns ratine 
9£2^j!^ $ ^ bst;intiaJ !o *s of strength and danmgc to concrete 
* s * damage to concrete is independent of the freczii^ 
temperature and mix proportions of concrete 'Hie decrea* * ,« 
W te «3“ fj «wt for convretrflrozen S® 
aiiwi place ineiil. I t freezing occurs after 14 hours' of placement the 

'«»• However, concrete oooe deSeed 

mannur will non ecover Lilt slrengrli equivalent lo tliai If unfrozen 

*° wte i 

34. Mature concrete, when subjected to subfre&me to inne r 
atuies, develops pressure Within Uic pores df cement padu/ to 
f 1 vexing and expansion ol water r lie rein. Similar phenomenon m! 

also occur vvrthin t ic aggregates, dcpeiidint' on their p^pslv and 

pore sixes. hen the pressure surpasses the tensile strength of com- 
cietc, Llie pore walls arc ruptured acid concrete gets damaged result 
ing in surface scaling. CJsedFde-icmg salts for clearing ihlpavemem 
of-Bitowand -cc can further enhance surface scaling Jif ca,T r 

pavement having shrinkage or other surface cracks, A tflckl 

can also gradually propagate further in depth as Wc j aV.-Jt 
tmdDr the repeated wedging action of **ter penetrating there?. 
nnd Jreez]n £- Certain precaution* taken initially a l,. 1 

construction can help reduce these problems 

4 - CONCRETE PAVEMENTS IN FR t >S J'API' PCT'Er> 

AREAS - DESIGN ASPECl 5 

4. I F Pavement hoirmlatlon 

... 4 L1 - In /«>.s< erected areas, the subcase may consist n f 

Oi the separations given m section 6.3J. of TRC- 15-ldRi 1 
SffiSft proven that in case of stabilised S^^SgM? 
tilerr 7 days compressive strength when cured u n it , * 
tiou. slmJI not be less than 35! 6 %,7 ' ^ wet 
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2T" >ns , ui '"'™:f lc l ! P&¥ d fl * sicker life than at the normal 
ttniper.it tires, The setting of concrete. as well as its strenath 
d u v ^lp pin y nt w i J J, ihc r e to ft, be ni j ch a! o w cr yi low te ha re r ft tu re - 

«f fomw<srfc For J^r SlfS 
extended cai!ii i r. H'bcncver Mie ambient temperalyj'es ate 
eonbkiered too luw io ob Um satisfactory results by such extended 
measures alone or sutii extension of curing period is not pra ; tie able 

«wamil measures Vo' 

4t which controle is laid and cured will be required, 

3-3, I ifish concrete subjected to Subfrc^firg t&m pern tuxes 

5l . lllSl:inL,aJ !qss ^ length ami damage to concrete 
st ^.tnagsr to concrete is independent of the ffetsziiisr 
tun perjure and mix pro pon ions of concrete. The dwre™ 
strength may be 30-40 per cant for concrete frozen immediate hr 
ato placement. If freezing occurs after 24 hours of placement the 
los, is Somalia; less, bfowever, concrete once da h uacd , £ 
manner will aol recovc lLc strength equivalent to that of m rozen 

vxr tmM *° takc “ d ^ ,e —* “ 

3,4. Mature concrete, when subjected to subfreezins* imW r . 
dc " l "P> P"*""? Within the pore, of cement pa te */ to 
", t:tKm S and expansion of water therein. Similar phenomenon^™ 

Ifc • B *™*“*** detfeflrtins on their porosity .,nd 

porea/ci,. When the pressure surpasses: the tensile slrencth of eon- 
1 .' etc, l.lie pore walls are , upt.tired and concrete jets (ftutiaucd result 
■ng in .urface scaling UseoMe-icittg salts for eWw thewSSni 
" snow ‘Jud joc can further enhance surface scaling. j,f case r 
pnvenicnfs having shrinkage „r other surface cracks, such r acks 
can also gradatt ly propagate further in depth J well “ it™, 
under Ifji: repeated wedging action of water penal rating 'therein 
r,[jd Jreezuig, Cce esid pi'ee&utiotas taken initial Tv at the 1 rim r 
construction can help reduce these problems au hlL.iffi m “ 01 

4, Cut !M i. It 15TE PA V E MENTS r N FR OST A F I ’KC l P p 
A REAS * 1 >IlS IGN AS PFCIS 

4 .1. Pavement Foundation 

,vi 4 ‘ L1 - *§»$» SW§# #5&i the Strh-base may consist of ..» 
of the sspfilficationi given in section 6.3.1. of IRC: limar wh , m X 
atldttinnal provisos that in ease of stabilised setni-rinid vtltlrkk 

!•'■" ? J»ys compressive strength,, when cured under we condi’ 
t[ 0 tt. shall not be Fchs than 35 kg/cm a . ec COn(fj ~ 
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:| i,9. For prnli: cl [oil against frost action, the balance 
thickness between imst dcpih and lornl psfVfcTnjSiit th.i.ckii.^s ffl- 
■L'UKiii^. 1 , (he £ub-base should not contain uny Ir-nst susceptible 
piaterjal, In ca.se the enisling Bubgta'de male iia. is forsi susccp'ii- 
ble, pavement may he protected 'either by raisins Lhe formation level 
using n mi-lYust susceptible mute rials nr by replacement of frost 
susceptible materials to required depth by non-frost susceptible 
■ mes For this purpose. for moderate conditions such as those 
prevailing npto an altitude of 3ODD m, the thickness of front depth 
mav he taken as 45 cm. For extreme conditions, the foundation 
may be designed ii'idi'- idiLii ily n.u each location after determin¬ 
ing the frost depth. 

4 . 1 . 3 , Tire suggested criteria for Selection of non Profit susce¬ 
ptible ibatenafs are given in Table I. 

T’abI-I! 1 


routed a don male ial 

Maximum per ccni passing 

IS; Sieve No, 


75 micron 50 micron 

c.-rutM &ravel 

$ 

PoO.rlV Route it s;l n'4 

1ft 5 

i me uniform sand' 

& 

In ease of graded gravel, the plasticity index itnd liquid 
limit s hotiEd aJso 'u>i cxceed 6 and 25 respeelive3y, 


4,2. Paving Concrete 

4 r 2 ,1 3 o i m p r o v e the d u r a bill ty ,of paving c on ere te aga I n st 

:iusl action, tiir-entrained iroiKrele shutild be used, with air- 
entrainmeiU of the order of 4 per cent. 

4 2.2. Air-enlrainment reduces concrete strength to the 
vxteut "of”"a bout 5 per cent for each per Cent of ajr- untrained, and 
-i Siume lime improves the Workability of concrete. However, 
iVdimbm, in sliungth can be only partly offset by reduction in 
water content to readjust the increased woi kability, and the a ir¬ 
on trained ■mm;]vie mix should be specifically designed foi the 
stipulated sm-ugth und workability requirements. 
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5. PftKCAUTlOMARY MEASURES AGAINST 
ADVERSE EFFECTS OF COLD WKATKEK 
CONCH Ell NG - M A TER l A LS 

5J. Aggregates 

5.1.1. Spec b 1 attention Is required foi flection pf quality 
aggregates Ibr concrete subject to sub-freezing temperatures. 
Dense., lou d, sound aggregates, with I rule ot no water absorp¬ 
tion arc desirable, as porous aggregates' with high water afisot ptron 
can crack on freezang 'of the absorbed moisture therein, porosity, 
watc/i absorption and soundness in freeze-anti-thaw tests need parti¬ 
cular consideration j'n evaluation of any aggregate for sue lability 
for such concrete, 

5.1.2. At the time of use in construction, the aggregate should 
not contain frost; ice, snow or lumps of hardened mass resulting 
Lhetefrom. 

5,2 r Cement 

5.2.1, In. view of slower rale of strength development at 
lower temperatures Use of Rapid Hardening Portland Cement 
conforming to IS : 80I4-19.7G or High Strength Ordinary Portland 
Cement conforming to IS : 8i 12-1976 is 'imperative,' In case 
Ordinary Portland Cement (IS : 269-197,6} is used, it is desirable 
to use an Ftcceldratoi 1 he re with Such accelerators may also be 
used i.n conjunction 'With Rapid Hardening Pori land Cement and 
High Strength Ordinary Portland Cemenl,' High Alumina Cement 
i .my a Iso be used with certain precau lions, at locations where maxi¬ 
mum concrete temperature is not like I y to rise above liCC at 
any time during its service life. 

5.3. Admixtures 

5.5,!. Admixtures for air-en trainmen! and/or accelerating 
the Strength development of con err tc shahid go li form to the requi¬ 
rements of IS : 9103 d 979; “Specification for Admixtures for Con¬ 
crete". 

' 

5.3.2, The dosage of calcium chloride, .when used as an 
accelerator to promote eaily hardening of concrete, should not 
exceed 2 per cent by weight of cetmmt. Calcium chloride- should 
be used in (he form of solution prepared by dissolving 45 kg of 
granulated dr flaked calcium chloride in 95 hires of water. Not 
more than 2-3 litres of lids solution should be added per 50 kg 
bag of cement, and this solution should be treated as a part of' 
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Lire mixing .water. Calcium chloride Should be used only m case 
of unreinforced concrete pavements. 

c , ntv;c,.u nos my measures against effects of gold 

WEA l H E R CONaiETlNGj—pkODlf CT LON , 

PLACEMENT AND CURING 

(i,l. Wherever cold Weather bohdiLions are likely to a.riesu 
d .irrng eonc.re.iing operations, all the needed cold weather concre¬ 
ting measures should be pi a nil ed well in advance of expected low 
temperatures, ' he necessary spedd equipment and materials 
must he available at work site before low temperatures odour. 

6*2, Production 

6.2. L Concrete at the (ruie of placing between the forms 
should have a temperature of .at least 15 a Cand not exceeding 
32°C, This may be done by preheating the materials—water and 
aggregates-. Estimation of temperature of freshly mixed concrete 
froTii the lornperatines and proportions of mix ingredients may 
be made using correlations given in the Appendix* 

6.2.2. in i_asx cone i etc is to be heated during mixing* 
the equipment used should be Such as to heat the mass uniformly 
and -should preclude the possibility of over hen led zones which 
might effect Lite properties of concrete. Heating meihods which 
alter or prevent the entrainment of iequircd amount of air in ihe 
concrete should not be adopted 

6.2.3. For air temperature not lower than - 1 C„ it may be 

adequate to heat the mixing watei alone. Below (bis tc mperature. 
both water and fine aggregate should be heated. When air temp- 
ra Hire $ fall slill lo we i. eOa cse a g g r eg a te sli o u f d ;d 5 o be h eate d, 
Aggregates should be heated in such n manner that frozen 
Jumps are eliminated and tliaL overheating or excessive drying 
is avoided, At no point should the aggregate temperature exceed 
HMfC and the average temperature of an individual batch of 
aggregate should not exceed 66*0. The mixing water should also 
n<k fie heated beyond dt^C, i 

6,2.4- When either aggregate or water is heated to a tempe¬ 
rature exceeding 3K* C, loading of mixer should be so carried out 
that cent mt does not cbme in contact with the hot materials To 
ensure this, the heated material may .first b ft-fed is i to r he mixer 
along with pari of the unheated material, and then cement and 
remaining- itnhcaied material may be added. 


ij 








6,3* 


PWHc* Tn tia J\t It* 

A-2D/.J, Mi■ m , n I . a.-,,# „,,. j , uJ ^ ‘ ' 

Meiburj, Hoad, HefY tjiHai'iUlU44 

Placement 
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rt.3.1. The temperature of all surfaces to be in contact 
With coriLTcle ahbuld be raised above the freezing point., and 
they should be frit of all ice, snow, frost. etc. No concrete should 
be laid on a frozen subgrade or cm that Which contains froze u 
material, The paveins fit found ui icm and subgrade should be prote¬ 
cted against frost prior to concreting. It should also be ensured Lb at 
d does not freeze when concrete 5s laid. For this put pose, ft 
may be protected by layers of straw or other insulating materials, 
or kept warm by means of braziers nr other hot air equipment. 

6.3.2. Prior heating of qo.no ret, e transporting equipment 
to prey, nt tali ire temperature during trah-sportafon may be done 
to prevent coo 1 in g / fre e z i n g Of concrete dining E r a ns p nrt i ■ ^ 
the point oE' laying. This could be conveniently doue by storing 
the equipment in hi nr air enclosure or by in cans of steam 
jei.s. Suitable covering should be provided over concrete 
during transport if distance involved js sizeable. 

6-3,3* Transport and placement operations, including compac¬ 
tion an d (rnishiug should b e done SS fast as r i acticab fe- to red uee 
tall in temperature of concrete daring, the operations, 

6,3*4, During placement of concrete, tarpaulin covers or 
other readily removable covering should closely id How the 
placing of concrete, So that only a few metres nf (he finks bed Slab 
are exposed to the outside air at any one time, i hc coverings may 
be so a it ringed that healed air r where provided, may freely 
circulate on Lop of the pavement. T he coverings, may be further 
covered by layers of straw or other itisulariiyt a Kite rials, no sonner 
the wet concrete is strong enough to take their load. 


6.4, Curing 

I - o i CUFF n g of c on c re tc i n i it) J t| w ea I her, o p e rat ions, si mu I a- 
1 fons o ( IRC; K4 l %3 < Cb.de of Practice fn r Curing 0f Cem cut Con- 
cretc Pavements- should be followed. 

'I 

QUALITY CONTROL, 

7,1, Arfangementa for coverillg : or protecting newly placed 
concrete should be adequate to maintain (lie recommended curing 
temperatures and moisture conditions in all parts of the concrete. 
As heated air is likely to be dry, all don.arete surfaces should 
be kepi Con l in uo us ly moist., 

7.7. hi addition to quality control test for materials fcnd 
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-Appendix 

ESl lMAl'IONOF i eiVlpgRAHJRE OF FRESHLY MIXED roNr .ni fr 
™ OM ™ TKMPKRa TORES am, S 

ingredients 

temperatures and' i>mjin'i ik>m ! 'nf U)ncre . k Jiiri L ;- estimated from the 

below : o 3 > i5 j j Juni of .he m,x rnffiedicnts. using (he formulae given 


/ ^ f * ^ 4 W*t,.S* -f- 

I f^nSV ’ FKwSd 


ts 


, ''' " * — temperature tj'f freshly mixed concrete (^Oj 

r,, Lempern ture .0 f a fftfegate, cent?at and ufitfng wai cr respec ti v dy 
^ a * '' c ' ^ ^ h c;t P E 0 r ’ ;:1 SS^aa te, eemen laml wa Lcr res pc ci j v ely i cel I ,■ 

W ** W -*' ^ Vr ' c L & l] L1 >{ a eerosa 1 e, ceme n 1„ anti w & ter reject i y c \y (k.g) 

As A’.i, .S, T ^22, amJ t ^, F v 1 he 'mmulu reduces la ; 

0.22 (li d r,; -j- H 7 * ft) ... ty nii j,,, 
i \ -v , -.ttz - --- 


0.22 ••!)., I- I!'.) r IK- 


( 2 ) 


Mw ' unvciin will b„ 

s 5 ES ft -« “wa» 

**>■■ _ |§r„ - 1 - & 


1,1 u ^ ^ i" ki 1 Lt; r a£ ^^cd a t 1 he mixe r < t ernperiitu re ph 

W '-" = frec ^Afcr present in Urn aggregate (temperature i.-,) 

t =- °' 22 W l!± I WVO + 0U fu, -i- W»* t. 


(3) 


(4) 
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30, Q. Mutftachen 

31. P. K. Nagarkar 
33. R. K„ NsHibiar 

TO ' 

33. T + K, Naiar&jan 

34. P, Pat mi Ik 
3?. Y. R. Piiillr 

36, Rajindcr Singh 

37, Q. Raman 

n r l-Tiif. M. s, V, Rad 
3?. V.S, Rane 

40. A. K, Roy 

41. Vla); : Gen. f. C. Sachdfeva 

42, Dr. O, S. Sahgal 

43 , Shi: is hi Prasad 
4-t, A, Sankarao 

45 , Ur. A, C, Saruo 


•4(5. 

47, 

AS. 

4P, 

50, 

51. 

52. 

53. 

54, 

55, 

56, 

57. 
53. 

5R. 


N, Sen 

G, M, Shonfhti 
S, IS. P. Sinhji 

J. 5 Sot!hi 

Ur. N. S. SrlnlvaSad 

Prof. C. G, Swa union than 

K P, Nnir 

Ravmder Kumar 
C, D. Iha ir: 


IRC: nim 

Poomkavil House, Somangaiam. Puna I nr 

(Kerala) 

Chief Ehe ineer &. Director, Maharashtra Engi¬ 
neer mg Research Institute 
Raffinnalaya, )i, Pirai Crescent Park Road, 
Adygr. Madras 

Depuly l.'treeror & Head. Soil Mechanic:! 
Division, s .'.Vii -ral Road Research jnstituie 
Chairmah* K'ri-fcSJii) Bridge Construction Crn- 
poriiiOii 

Deputy Di reel or A Head, Roads Division, 
Cecil ral Road Rtsrnich 1 11 si c i u l l' 

ChieT Brig inter, Jammu IVVV.D., 11 A R 

Direct o i (Civil l-. : n^ty, >, Indian Standards 

Institution 

Mead pi'the pepir. of Traffic & T*a Exportation, 
School I..i Plu.nnin r A A re hi Lee In re 

Ss*y ,q i hi: Govt. of Maharashtra I'W A H 
Department {Retd.) 

Dii l c id r, SUR AP, CaltULta Metmpo]iton 

Development AiLlhOrily 

Dir color General Boidti Ronds. 

Fiipclpa:L Punjab Enjjin^rittg College, 
Chattel rgarh 

A I-103 1 Safdo rju ng Enclave, New Delhi 

Chief I" ng i neu r (E vh I tianjdnl Income Tax 

Department 

Ilex d Tia ITlc D ivisiori, Centra I Roa d R essm cli 
Institute 

i 'h i d’ [ ■ si lt i nee r. M i nis t ry of Trtf nspt it i (Retd . > 
Chief l: ngiricer, JSu-l.ivii IAW.D., BAR 
1: ng i rteci, in fiii i t f-cu m - A d 6 1, Co m m iss i oner- 

Cnm,S- .| Secretary, Bihar P.W.D., B & R 
Chid Engineer (South >, Punjab P,W,D. : , B & R 
Executive Director, National Trsiasponai iun 
Rla-aning and Research Centre 
Dprecierr, Central Road Research JnscUnte 
1 Rt-ld.J 

Research Manager. R A D Centre. Indian Oil 
i 'oruora lion Lid., P'aridabdd 
IJtrct.ioT, ' ',P. P.W. 13 , Research Institute 
Director K Gujarat Engineering Research ins- 
li'tijie 

Highways Rescaj-ch Sun mo, Madras 
R & H Research iimimic. PdiSfn, West Bengal 


I he Dire'crcir (D. Mohan) 

The Director 
(&.K.. Dey lar'kar) 

II 1C President, Indian Rond.'; Congress (K. Tong Rung Ad) -Ex°?jjictv 

The Director .General f Road Develop men;) & 

Addl. Secy, Id I lie Govt, dl Erulia rK. K. Sarin) -Ex-vfftcio 

I'Lli Sucret.Lry, Indian Roads Cori|.',ri;ss i Ninun KoShi) -Ex^fklp 


















